There have been many attempts to increase the overall conversion efficiency of dye-sensitized solar cells using liquid-state electrolytes. However, this type of cells have unsolved critical problems such as leakage and evaporation of volatile organic solvents. Thus the development of more stable solid or quasi-solid state cell is of great importance. In the study reported here, we developed a novel fabrication method of dye sensitized quasi-solid solar cells using solid composite materials of LiSCN and methyl-hexyl-imidazolium iodide (MHImI) as hole transport materials to replace liquid iodide and polyiodide electrolyte which consists of volatile solvents. The device based on 6 µm thick nanocrystalline TiO 2 film absorbed by monolayer of Ru(II) terpyridyl complex photosensitizer (N719 dye), shows excellent incident photon-to-electron conversion efficiency (IPCE, ~ 75%) , large current density (11.6 mA cm -2 ), and high light-to-electric energy conversion efficiency (5.3-6.1%) under the illumination of 100 mW cm -2 (AM 1.5).
INTRODUCTION
Dye-sensitized solar cells (DSSCs) are a promising technology for realizing solar cells with high conversion efficiency and low cost compared to silicon-based solar cells [1] . Unlike silicon-based solar cells, however, dye-sensitized solar cells consist of Ru-complex photosensitizers and liquid electrolytes containing redox species (I -/I 3 -) with volatile organic solvents such as acetonitrile [1] [2] [3] [4] .
The use of liquid electrolyte in DSSCs, however, posses several practical problems including leakage of the electrolyte, desorption of the sensitizing dye by the organic solvent used in the electrolyte, and toxicity of some of the organic solvents. Efforts have been made by many researchers and industrial laboratories to develop practical, high performance DSSCs that combine high efficiency and good stability with easy processability [3] [4] [5] [6] [7] . A solid or quasi-solid charge transporting material will avoid * Corresponding author, e-mail: rsena@ifs.ac.lk .
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leakage problems, in addition to allowing easy application of these materials using a cost effective manufacturing process. Solid-hole transport materials and solvent free polymer electrolyte incorporating iodide and triiodide have been introduced to replace the liquid electrolytes, but until now efficiencies of these devices are still relatively low [8] [9] [10] [11] [12] [13] [14] . The use of non-volatile liquids or room temperature molten salts (ionic liquids) such as imidazolium salts and pyridinium salts with high ionic conductivity at room temperature would be another solution to the problems. However, viscosities of the molten salts are too high to cause swift I 3 -diffusion [7, 14] . Papageorgiou et al, have
reported that, 10-20% addition of acetonitrile to room temperature molten salts, increases diffusion rates to keep sufficient electricity [7] . However, they still contain volatile components. It has been reported that the viscosity of imidazolium salts decreased and the photovoltaic performance increased when more than 0.5 M iodine was added to the molten salt [14] [15] [16] . Addition of a large amount of iodine increased the short circuit current but decreased the open circuit voltage because of the increase in dark current. Therefore, in this investigation we have focused our attention on the effect of addition of a small amount of LiSCN to ionic type electrolyte on the photovoltaic performances of DSSCs. Here we selected hexylmethylimidazolium iodide (HMImI) as the room temperature molten salt as the source of electrolyte is due to its excellent properties such as negligible volatility, low viscosity and large electrochemical window.
In the fabrication of DSSCs containing nanocrystalline TiO 2 films with various thickness, TiO 2 paste purchased from "Solaronix" (Solaronix T, Switzerland) was coated by "doctor blade" method (i.e. 12 hours after the preparation of devices. It was found that their performances improved with the time in few hours after preparation, which is due to the improvement of penetration and contact of the electrolyte with dye sensitized semiconductor and counter electrode. This phenomenon also existed in similar cells employing polymer electrolyte [14] . The corresponding values (average of five samples) for the short circuit current density (J sc ), the open circuit voltage (V oc ), the fill factor (FF) and the overall solar to electrical energy conversion efficiency (h) are tabulated in the Table 1. As it is evident from the table, significant enhancement could be made in the photovoltaic properties of the cells fabricated with the electrolyte comprising with LiSCN and the cell performances are comparable with those for dye sensitized sensitized cells employing volatile solvent based liquid electrolytes with dyed TiO 2 electrodes of the same thickness (~5.9 µm).
It was reported that the adsorption or intercalation of cations such as Li + , Na + , and Mg 2+ into a polycrystalline TiO 2 electrode are important not only in determining the flat band potential of the electrode but also in the determination of electron diffusion coefficients of the mesoporous electrodes [17] . The lithium salt could screen the field caused by space charge generated under illumination of the heterojunction [16, 18] leading to suppression of charge recombination and then to the increase of photo-generated electron on TiO 2 . The recent laser pulse induced photocurrent measurements [18] revealed that diffusion coefficients of electrons in mesoporous TiO 2 systems increase with the increase of cation density on nanaocrystalline TiO 2 in the order of TBA + < Na + < Li + < DMHI + .
Strong adsorption of imidazolium cations on TiO 2 was also confirmed, explaining the inhibition of interface charge recombination as reported in the case of 4-tert-butylpyridine [16] . By considering the above facts, it is possible to conclude that, addition of LiSCN to the electrolyte enhance the photoresponces of the cells, by increasing the photo electrons in TiO 2 and reducing the degree of recombination of electron recombination in the system. As can be seen from the Fig. 4 higher conversion efficiencies of the cells employing new electrolyte were obtained in the wavelength region ranging from 480 to 800 nm. (The maximum IPCE: 76% and 71% at 525 nm). The higher conversion efficiencies in this region may come from the higher concentrations of I -ions in the electrolyte compared with that in liquid electrolytes comprising of volatile solvents such as Acetonitrile. It was reported that the high concentration of I -ions can increase the regeneration of the excited dye by obtaining electrons from I -ions [7, 14, 16, 18] . In the IPCE spectra, lower conversion efficiencies can be seen clearly in the wavelengths ranging from 300 to 480 nm compared to those for liquid electrolyte. This result is due to higher conversion of I 3 -ions in the HmIMI/LiSCN system, which is more than 20 times compared to that in the liquid electrolyte. The absorption of I 3 -ions ranges from 300 to 500 nm with high absorption coefficient, at peaks of 329 and 363 nm in propylene carbonate, the values of ε are 2.4×10 4 and 4.5×10 
